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on low-nutrient soils in Australia and South Africa (Berg 1975 , Milewski 1982 , Bond and Slingsby 1983 , Slingsby and Bond 1985 , Andersen and Morrison 1998 , Whitney 2002 . The geographical and taxonomic distributions of myrmecochory among plants suggest that it has independently evolved many times, possibly as a response to different selection pressures operating in different ecological circumstance (Westoby et al. 1991) . In this paper, I summarize the evidence in the literature for three major hypotheses (Beattie 1985) on the evolution of myrmecochory. I review the evidence for different strategies adopted by myrmecochores that may improve their fitness through efficient seed dispersal.
The diaspore of myrmecochorous plants consists of a seed and a lipid-rich appendage called elaiosome. The elaiosome acts as an attractant and may elicit seed collection by ants (Marshall et al. 1979 , Kusmenoglu et al. 1989 , Lanza et al. 1992 , but see Sheridan et al. 1996, Espadaler and Gomez 1997a) . Typically, ants transfer the diaspore to their nest, remove the elaiosome, and then deposit the intact seed in a shallow chamber within the nest or in a refuse pile outside (Beattie 1985) . The consumption of the elaiosome, which in many myrmecochores contains high concentrations of essential fatty acids (Hughes et al. 1994) , may contribute to an increase in ant colony fitness (Morales and Heithaus 1998, Bono and Heithaus 2002) .
Plants may attain selective advantage from myrmecochory in several ways: a) directed dispersal Á/ ants displace seeds to sites where the plant fitness is higher than it would be in a random location, most likely due to nutrient enrichment at or near the ant nest (Hanzawa et al. 1988 ), b) predator-avoidance Á/ dispersal and burial of seeds by ants reduce the ability of seed predators to locate and obtain seeds (Heithaus 1981 , Higashi et al. 1989 , Ohkawara and Higashi 1994 , Ohkawara et al. 1997 , c) distance dispersal Á/ seed dispersal reduces parent-offspring conflict and sibling competition (Higashi et al. 1989 , Boyd 2001 , d) fireavoidance Á/ seed burial by ants increases survival through fire, and/or post-fire performance of seeds, seedlings and adults (Hughes and Westoby 1992b, Boyd 2001) , and e) nutrient limitation Á/ the production of elaiosome, which has a low potassium content, may be favored in environments such as the extremely nutrient-poor regions of Australia and South Africa, where production of potassium-rich dispersal units (e.g. fleshy fruits) is prohibitively costly (Westoby et al. 1991 , Hughes et al. 1993 . While some of these hypotheses, such as the fire-avoidance and the nutrient-limitation have been evoked to explain the evolution of myrmecochory in specific ecosystems, the other hypotheses have often been treated as more general hypotheses (Beattie 1985) . There may also be an overlap among these hypotheses; for example, long distance dispersal may decrease seed densities and thus facilitate escape from density-dependent natural enemies. The main aim of this paper is to evaluate the support for the various hypotheses in the literature.
Based on the evidence available at the time, Beattie (1985) argued that the directed dispersal hypothesis was the best supported hypothesis, and it is still perceived as the leading hypothesis on the evolution of myrmecochory (Wenny 2001 ) even though it has been frequently challenged (Bond et al. 1990 ). Beattie (1985) has also argued that evidence supporting the predator-avoidance hypothesis will be found mainly where seed predation by small mammals, which are assumed to be the main competitors of seed-dispersing ants, is dominant. I test this assertion by comparing the evidence for this hypothesis across different ecosystems with varying degrees of seed predation by small mammals. The distance dispersal hypothesis was challenged by the argument that ants are unlikely to disperse seeds sufficiently far to reduce parent Á/offspring competition, and may actually intensify among-sibling competition by aggregating seeds in or around their nest Beattie 1980, Horvitz 1981) . However, these claims are based on the rarely tested assumptions that a) the scale of negative parent Á/offspring interaction is larger than dispersal distances, and b) as a result of myrmecochory, seeds in or around ant nests are more clumped than undispersed seeds. Because the scale of parent Á/offspring interaction might be positively correlated with plant stature and growth form, I hypothesized that distance dispersal by ants, which typically includes very short distances, may benefit mainly myrmecochores of small stature.
Seed dispersal is an extremely important life transition (Schupp and Fuentes 1995, Nathan and Muller-Landau 2000) , and plant traits that affect seed dispersal are likely to be under strong selection pressure. I argue that the overall fitness gain for plants resulting from myrmecochory significantly depends on the identity and behavior of the seed disperser. To support this argument, I review the evidence in the literature for different traits of myrmecochores that may affect the identity and behavior of their main seed dispersers, and I discuss the evolutionary implications of this partner choice.
Literature search
I used the ISI Web of Science database to search for published studies on the evolution of myrmecochory. First, I searched for articles that contained the terms ''myrmecochory'' and ''evolution'' or keywords related to the various hypotheses. I also used the references cited by the articles found by the initial search, and the forward citation option of Web of Science to look for other relevant publications. I mainly included studies that used observational or experimental data to test one or more of the hypotheses on the evolution of myrmecochory that are listed above. Studies that were mainly designed to test other hypotheses, but which contained information pertaining to a test of any of the aforementioned hypotheses were also included. In addition, I also included a few theoretical studies that made strong mathematical, graphical, or verbal arguments in favor or in contrary to one or more of the hypotheses. For each of the published studies included in that summary, I noted the hypotheses tested, the plant species, the plant's growth form, the habitat type, and whether the hypotheses were supported or refuted. As the approaches and methods for testing any of the hypotheses differed markedly among published studies, incorporating the results into one statistical framework such as metaanalysis was impractical. Instead, I used a simple tally of the number of studies that supported or refuted each of the hypotheses and I elaborated on the significance and weight of the evidence in a qualitative manner. Though I originally sought only to test whether support for the predator-avoidance and the distance dispersal hypotheses depended on ecosystem-specific seed predation and plant stature, respectively, sorting the evidence for all the hypotheses by ecosystem and plant stature was both insightful and interesting. Thus, the results for all hypotheses were arranged in two tables classified by ecosystem or plant stature.
Support for the various hypotheses in the literature
Sixty-two published studies tested one or more of the main hypotheses on the evolution of myrmecochory (Appendix 1). I found considerable evidence that myrmecochory is advantageous to plants. The directed dispersal and the predator-avoidance hypothesis were each tested in about half of the published studies included in this review, while the distance dispersal hypothesis was tested less frequently (Table 1) . Contrary to an earlier review (Beattie 1985) , which favored the directed dispersal hypothesis, I found that the support in the literature for the predator-avoidance and the distance dispersal hypotheses was just as compelling as that for the directed dispersal hypothesis.
Directed dispersal hypothesis
The directed dispersal hypothesis was supported in about half of the studies (12 of 26) that tested it (Table  1 ). About half of the studies that were conducted in sclerophyll vegetation or in temperate open habitats supported the directed dispersal hypothesis. However, the directed dispersal hypothesis was only supported in two of eight studies conducted in deciduous forests. Gibson (1993b) and Gorb et al. (2000) reported an increase in plant fitness resulting from directed dispersal. However, that benefit was not attributed to nutrient enrichment at the ant nest (the most frequently proposed mechanism underlying this hypothesis). Gibson (1993b) found that improvement in seedling germination and survival near ant nests resulted from conditions which have already existed in these sites before they were colonized by ants. Gorb et al. (2000) found that seeds deposited outside the ant territory borders performed better than seeds located at the ant nest vicinity, which actually provides a poor environment for establishment. The only ecosystem where the directed dispersal was consistently supported was the tropical forest, although there are too few studies in this ecosystem to justify strong conclusions (Table 1 ). The only growth form for which the directed dispersal hypothesis got unequivocal support was trees ( Table 2 ). The evidence from the tropics suggests that ants are often secondary dispersers of trees and shrubs, which are primarily dispersed by vertebrates. More studies are needed to ascertain whether dispersal by ants in these ecosystems is mainly a ''fine tuning'' directed dispersal following distance dispersal by vertebrates. It should be emphasized here that in the analysis presented above the directed dispersal hypothesis is treated in a rather narrow sense where the benefits associated with myrmecochory are mainly attributed to the physical and chemical alteration of the nest site by the seed-dispersing ant. An alternative, broader, definition of the directed dispersal hypothesis is discussed in the conclusion section of this paper.
Distance dispersal hypothesis
The distance dispersal hypothesis was supported in 13 of the 17 studies that tested it. The distance dispersal hypothesis was most frequently tested, and supported, using temperate forest herbs, and this seems to support my original hypothesis that myrmecochory may mainly benefit plants of small stature. However, only a handful of studies addressed the distance dispersal hypothesis for shrubs and trees, so a thorough comparison can not be done. One possible explanation for the lack of such studies is that most myrmecochorous shrubs are found in the southern hemisphere where dispersal distances of seeds by some ant species are close to the order of seed dispersal by vertebrates, and may even assist plant to colonize new habitat patches (Davidson and Morton 1981 , Smith 1989 , Whitney 2002 . Therefore, the question of whether ants disperse seeds sufficiently far from the mother plant to provide any selective advantage might seem too trivial in these ecosystems. A major expectation stemming from the distance dispersal hypothesis is that myrmecochory is likely to evolve where the range of seed dispersal by ants exceeds the spatial scale of parent Á/offspring conflict. The dispersal distances of myrmecochores are strongly influenced by ant communities and may thus be constrained by the habitat-or ecosystem-specific ant community (Gomez and Espadaler 1998b) . The spatial scale where parentÁ/offspring conflict is intense is expected to increase with plant size. Therefore, plant size for which myrmecochory may provide an advantage through distance dispersal may be constrained by the distances traveled by the seed-dispersing ant species typical for an ecosystem or a habitat. In concordance with this expectation is the fact that seeds of myrmecochores in the Southern Hemisphere, which are mainly shrubs and small trees, disperse significantly farther than seeds of temperate forest myrmecochores, which are mainly herbs (Gomez and Espadaler 1998b) . Similarly, within Australia, myrmecochory is common on infertile soils, where plants are also smaller. In contrast, myrmecochory is rare and large plants are common on more fertile soils. Most (84%) of the difference among soil types in the incidence of myrmecochory was explained by plant stature (Westoby et al. 1991) . However, the differences in both plant stature and dispersal distances between ecosystems and among habitats within ecosystems could be attributed to factors that are unrelated to myrmecochory. Ant body size is positively correlated with dispersal distance Espadaler 1998a, Ness et al. 2004) , and larger ants are likely to carry larger seeds with larger elaiosomes , Davidson and Morton 1981 , Gorb and Gorb 1999 . Therefore seed size and elaiosome size are traits that can potentially influence dispersal distances even within the constraints specified by the available ensembles of potential seed dispersers in any specific ecosystem. However, whether these traits are under selection pressure related to myrmecochory is still an open question (Garrido et al. 2002) . Predator-avoidance hypothesis
The predator-avoidance hypothesis was supported in a majority of studies that tested it regardless of the ecosystem or the growth form. Much of the evidence supporting this hypothesis came from ecosystems where small mammals were not the main seed predators (e.g. sclerophyll vegetation in Australia, deciduous forests in Japan). Seed predation by spiders, ticks, and mainly ground beetles or granivorous ants seem to exert similar selection pressure as seed predation by rodents does (Ohara and Higashi 1987 , Ohkawara et al. 1996 The classical test of the predator-avoidance hypothesis involves estimating the relative contribution of seed dispersers (ants) and seed predators (rodents) to seed removal rates using pairwise exclusion experiments. In most of these studies ants were extremely efficient in locating and rapidly removing seeds. Rodents removed a considerable number of seeds in some studies (Heithaus 1981 , Smith et al. 1986 ), but few in others (Horvitz and Schemske 1986 , Gibson 1993a , Ruhren and Dudash 1996 , Guitian et al. 2003 , and large spatio-temporal variation in seed predation by rodents was often reported within studies , Fedriani et al. 2004 . Rapid removal of vulnerable seeds by non-granivorous ants clearly supports the predator-avoidance hypothesis, but the interpretation is more ambiguous when seed predation pressures are weaker. That interaction could reflect the absence of selection pressures from predators, spatio-temporal heterogeneity in those selection pressures, or a plant trait that evolved as a response to intense seed predation in the evolutionary past (Heithaus et al. 1980 , Gibson 1993a ). Another concern is that experimental treatments that are designed to mainly exclude seed dispersers (i.e. ant mutualists) also exclude antagonist invertebrates such as spiders, ticks, ground beetles (Ohara and Higashi 1987 , Ohkawara et al. 1996 and granivorous ants.
If seed predation pressure is a main force selecting for myrmecochory, one should expect that the presence of the elaiosome, a specialized structure that characterizes this interaction, would decrease predation pressure. Intriguingly, the presence of an elaiosome typically promotes seed predation in the absence of ant mutualists (Heithaus 1981 , Bond and Breytenbach 1985 , Gibson 1993a , Espadaler and Gomez 1997b , Boyd 2001 , Christian and Stanton 2004 , but see Hanzawa et al. 1985 .
Nevertheless, as long as the benefits in attracting seed dispersers outweigh the costs associated with an increasing attraction of seed predators, natural selection will favor elaiosome production . Some evidence in support of this assertion comes from a comparative study of many species from the genus Gravillea that found that the probability of a seed been taken by seed-dispersing ant species and not by a seed predator was augmented by the presence of elaiosome (Auld and Denham 1999) . Similarly, Hughes and Westoby (1992a) found that the probability of a seed being taken by seed-dispersing ant species and not by a seed predator increased with an increase in the elaiosome/seed ratio. The different means by which plants may affect the probability of a seed being taken by efficient seed dispersers rather than by a seed predator or a poor seed disperser are discussed in detail in the partner choice section below. Evidence in support of the predator-avoidance hypothesis also comes from the finding that the replacement of native seed-dispersing ants by an invasive ant is associated with an increase in seed predation by native seed predators, whose abundance was most likely unaffected by the invasion itself Slingsby 1983, Carney et al. 2003) .
Caveats
Like any metanalysis, this study may be prone to a publication bias where studies that did not find a support for their declared hypothesis are less likely to be published and are thus underrepresented. I minimized the effect of any such biases on the conclusions drawn in this review in two ways. First, about quarter of the studies I have included tested several hypotheses simultaneously and reported the evidence for all of them. Second, I included a significant number of articles whose main goal was not testing hypotheses on the evolution of myrmecochory, yet they contained information regarding these hypotheses (Appendix 1). In both cases, the publication of results that are unlikely to be published alone (statistically non-significant or contradictory to the main hypotheses), is facilitated by their inclusion in the same paper with more ''publishable'' results.
The amount of support for each of the hypotheses as reflected in the literature survey may be affected by the relative difficulties in demonstrating a link between an increase in plant fitness and the specific selective advantage proposed by the hypothesis tested. Establishing such a link is a difficult task because the effect of seed dispersal on the plant fitness may come much later in the plant life (Hanzawa et al. 1988) , and because the various advantages conveyed by myrmecochory may be hard to separate, and their effects may be interdependent. While these problems may complicate the test of each of the hypotheses, they are especially pronounced with regard to testing the directed dispersal hypothesis. Seed may be placed at various depths within a nest, near its entrance, or away from the nest. Any of these sites may count as a safe site if it's physical, chemical and/or biological attributes improves plant performance. Many studies that tested the directed dispersal hypothesis employed multiple comparisons of a large set of variables measured around the nest and at control sites rather than relying on an a priori identification of the attributes which render a putative deposition site as a safe site. The inference that can be made by these studies is weak, even when differences are found.
As I show in the second part of this article, many of the traits of myrmecochores, which are suggested as evidence supporting the predator-avoidance hypothesis, may also be seen as adaptation for ''choosing'' seed disperser among many possible options. This is consistent with the hypothesized evolution of myrmecochory from granivory (Rissing 1986, Levey and Byrne 1993) , wherein different seed dispersers represent transitions along a continuum from seed predation to mutualism. While counting adaptations for a partner choice as adaptations for predator-avoidance may inflate the apparent support of the predator-avoidance hypothesis, a distinction between the two may be more semantic than real. This is especially true since that distinction depends largely on the intensity of seed-predation pressure, which exhibits high spatio-temporal heterogeneity (Fedriani et al. 2004 , Manzaneda et al. 2005 ).
The uneven representation of studies of myrmecochory across ecosystems and plant growth forms may also affect the comparison of the weight of evidence for each of the various hypotheses, especially if the importance of each selective advantage varies across categories. This unevenness may represent the distribution of myrmecochorous species among these categories, an unbalanced research effort among ecosystems and plants growth forms, or both. In a review of dispersal distances by ants, Gomez and Espadaler (1998b) reported a similar problem and suggested concentrating future research effort studying dispersal distance by ants in habitats and geographic regions where it was seldom studied. Similarly, our understanding of the evolution of myrmecochory will be advanced if future work addresses the gaps in knowledge identified in this contribution.
Partner choice and its effect on plant fitness
The outcomes of interspecific interactions are often conditioned on the abiotic and biotic contexts of the interaction and on the identities and behaviors of the participating species (Cushman and Whitham 1989 , Cushman and Beattie 1991 , Bronstein 1994a ). The selection for or against mutualism may vary greatly across space and time if the context within which the interaction occurs vary as well (Bronstein 1994a , Thompson 1999 . While plants may have little direct effect on the broader ecological context in which they interact with potential seed dispersers, myrmecochores may have adopted strategies for selecting seed dispersers and for modifying their behavior. An ideal partner, one that simultaneously disperses seeds rapidly enough to reduce predation risk, far enough to reduce distancerelated and density-dependent costs, and to a site disproportionately suitable for establishment, might not be available in every setting. However, these benefits are not necessarily contradictory and a high-quality seed disperser may simultaneously offer several benefits to its plant partner. Fourteen of the eighteen studies that tested multiple hypotheses found support for more than one hypothesis. Thus, the selective advantages conferred from myrmecochory appear to seldom be exclusive. Furthermore, the contributions of several means of selective advantage for plant fitness may positively interact. For example, O'Dowd and Hay (1980) found that protection from predators increases with distance from the parent plant, and Boyd (2001) found that the positive effects of escape from predator and distance dispersal were apparent only in post-fire conditions. Being blind to the means by which fitness increases, selection pressure may have lead plants to select for partner(s) that provide the highest total increase in fitness, regardless of the avenue by which it is achieved. Below I review the different means by which myrmecochores may ''choose'' their seed dispersers or influence their behaviors, and discuss how these modifications could improve plant fitness.
Guilds of seed collecting ants
Seed-collecting ants have been classified into two behavioral guilds (Bullock 1989 , Hughes and Westoby 1992b , Espadaler and Gomez 1996 . Guild 1 (''poor quality dispersers'') is characterized by granivorous ants that forage in groups, recruit many workers to seed source, and cache seeds in the nest. Guild 2 (''high quality dispersers'' or ''removalists'') is characterized by scavenging or omnivorous ants that forage individually, carry diaspores to the nest, and successively consume only the elaiosomes and discard the intact seeds outside the nest. Seed removal of myrmecochores is done chiefly by ant species from guild 2, which take seeds much faster than species from guild 1 (Hughes and Westoby 1992a, Hughes et al. 1994) . The chemical composition of the elaiosomes of many myrmecochores resembles that of the insect prey in the diets of ant species from guild 2 (Hughes et al. 1994) , and may play an important role in specifically attracting ants from this guild (Marshall et al. 1979 , Kusmenoglu et al. 1989 , Lanza et al. 1992 , but see Sheridan et al. 1996, Espadaler and Gomez 1997a) .
Variation in diaspore traits and partner choice
An association between variation in elaiosome size and in elaiosome chemistry and variation in seed removal rates has been shown by many studies (Hughes and Westoby 1992a , Lanza et al. 1992 , Gorb and Gorb 1995 , Mark and Olesen 1996 , Pizo and Oliveira 2001 , Peters et al. 2003 . As most of these studies investigated the response of a single ant species or of the seed-dispersing ant community as a whole to variation in elaiosome traits, the possible effects of these traits on partner choice has not been evaluated (Mark and Olesen 1996 , Garrido et al. 2002 , Peters et al. 2003 . Nevertheless, when the responses of various partners were compared, a higher representation of high-quality seed-dispersing species was correlated with an increase in elaiosome size (Hughes and Westoby 1992a) , indicating that elaiosome traits may be associated with partner choice.
Satiation of ants by seeds
There is some evidence, mainly from studies in deciduous forests, that ants may be satiated by seeds of an abundant myrmecochore and prefer seeds of species they encounter less frequently (Smith et al. 1986 , Ruhren and Dudash 1996 . In deciduous forests of North America and Japan, seed-dispersing ants occupy transient nests, have small colony size, and often forage in small, overlapping territories (Culver and Beattie 1978 , Smallwood and Culver 1979 , Higashi et al. 1989 . Because these foraging territories overlap, the satiation of one colony may promote the distribution of seeds into several ant nests, thereby reducing competition among siblings. I am not aware of any study that suggested or tested any possible mechanism underlying this satiation behavior or that addressed the ecological consequences of this behavior.
Timing of seed release and its effect on partner choice
The timing of seed release is perhaps jointly constrained by factors that affect flowering and fruit phenology (i.e, climate, pollinator activity). However, if there is temporal partitioning in the activity of seed dispersers and seed predators, the timing of seed release may be under selection to coincide with the peak activity of ''high quality'' disperser. For example, Oberrath and BohningGaese (2002) found that myrmecochores fruited significantly earlier than non-myrmecochores and that this early fruiting coincides with the peak in ant activity and increases the probability for seed removal. On a shorter time scale, some myrmecochores release a disproportionate number of seeds in the morning, thus improving the likelihood that seed will be removed by diurnal seed dispersers rather than nocturnal seed predators (Turnbull and Culver 1983 , Gibson 1993a , Ohkawara et al. 1997 . Daily and seasonal activity of ants are speciesspecific (Fellers 1989) , and temporal partitioning of ants activity (Herbers 1989 ) may be exploited by plants to improve the probability of a seed to be taken by ''high quality'' disperser. The time of seed release of Hexastylis arifolia coincides with the seasonal peak in activity of Aphaenogaster spp., a ''high quality'' seed-dispersing ant, and with the decline in activity of Prenolepis imparis, a ''low quality'' seed-dispersing ant (Giladi 2004) .
Spatial patterns of seed presentation affect partner choice
Ants encounter seeds on the ground after the seeds fell from the mother plant. These seeds can be passively dropped (i.e. 'gravity dispersed') or ejected ballistically, a mechanism that produces an overdispersed pattern of seeds (Culver and Beattie 1978 , Ohkawara and Higashi 1994 , Espadaler and Gomez 1996 . The scattered pattern of seeds on the ground prior to dispersal by ants favors the collection of seeds by solitary foraging ants (i.e. ''high quality'' dispersers from guild 2) over collection by mass recruiters (i.e. ants from guild 1) (Crist and Haefner 1994) . The overdispersion of seeds may also reduce seed predation , 1992b , Ohkawara and Higashi 1994 , Ohkawara et al. 1996 . Additionally, scattered presentation of seeds improves the odds that seeds from a single parent may be carried to several nests, thus reducing competition among siblings. Slow release of seeds as opposed to mass release of many seeds also favors the removal of seeds by solitary foraging ants, which are often ''high quality'' dispersers and reduces seed predation Higashi 1987, Ohkawara et al. 1996) .
Plants may exploit dominance hierarchies in the ant community to increase seed dispersal efficiency
In some ant communities, dominant species that monopolize food resources coexist with subordinate ants that are more efficient in locating new resources (Fellers 1989) . In deciduous forests with high diversity and density of ants, ''high quality'' dispersers are often subordinate ants (Ohkawara et al. 1996 , Ruhren and Dudash 1996 , Giladi 2004 . Subordinate ants may have been under selection pressure to minimize the risk of being ''robbed'' by dominant species, thus deferring seed handling and elaiosome consumption to the nest. This behavior is advantageous to the plant because it guarantees that ants are rewarded for their dispersal service only after it was done. Mesler and Lu (1983) found that in a second growth redwood forest the only species of seed-carrying ant consumed the elaiosomes of Trillium ovatum next to the parent plant without providing any dispersal service. Mesler and Lu (1983) suggested that the low diversity ant ommunity in redwood forests provides no selection pressure to defer the elaiosome removal to the nest. They further speculated that Trillium ovatum and other redwood forests myrmecochores evolved their myrmecochorous adaptations outside their current habitat in ant-rich environments where this selection pressure is strong (Higashi et al. 1989 , Lanza et al. 1992 , Kalisz et al. 1999 ).
Partner choice and support for the hypotheses on evolution of dispersal Different seed-dispersing ants may contribute to plants fitness via different avenues, so that partner choice, while mainly selected if it increases overall fitness, may also affect the means by which selective advantage is gained. In some ecosystems, dispersal by ants is preceded by gravity dispersal, ballistic dispersal, or dispersal by vertebrates. In systems where ants are secondary seed dispersers, if dispersal distances by ants are dwarfed by distances seeds traveled earlier (Levey and Byrne 1993, Passos and Oliveira 2002) , then ants may benefit plants by providing directed dispersal and/or escape from natural enemies. However, when the primary and secondary (ants) dispersal mechanisms generate similar or greater dispersal distances, ants contribution to distance dispersal cannot be simply dismissed (Culver and Beattie 1978 , Ohkawara and Higashi 1994 , Passos and Ferreira 1996 .
The commonly used narrow-sense interpretation of the directed dispersal hypothesis is based on the premise that alteration of the nest environment by ants (most likely by nutrient enrichment, but changes in soil structure, and edaphic conditions may be considered too) affect plant fitness. This effect, which might be positive or negative (Appendix 1), is likely to be more significant for mound-building ants which occupy the same site for many years Beattie 1983, Higashi et al. 1989) . However, many seed-dispersing ants occupy nests that are frequently relocated (Culver and Beattie 1978 , Smallwood and Culver 1979 , Higashi et al. 1989 , Hughes 1990 ) so a significant build up of nutrients near these nests environment is less likely. The frequent relocation of nests may prevent an aggregation of many seeds in one location, thus reducing the potential for intraspecific and interspecific competition. In addition, seeds that are deposited outside the nest may not experience the nest environment, especially when the nest is located in a very small cavity (folded leaf, twig, etc.), as is the case with some important seed-dispersing ants.
The dispersal curve of many myrmecochores is leptokurtic where most seeds are dispersed over short distances by one or two seed-dispersing ant species and only a few seeds are dispersed over long distance by other ant species (Horvitz and Schemske 1986 , Gomez and Espadaler 1998a , Giladi 2004 . Whitney (2002) suggested a partner-specific advantage where shortdistance seed-dispersing ants move seeds to safe sites, while long-distance dispersers provide distance-related advantages and allow the plant to colonize new areas.
Myrmecochory has not been considered a speciesspecific mutualism. However, it is probably not as diffuse as it is frequently presented. In most of the ecosystems where myrmecochory is common, many species of ants may remove seeds, but efficient seed dispersal of many plant species is provided by small subset of the local ant community (often at the order of two to three species). Only few studies demonstrated benefits to the ant partner (Morales and Heithaus 1998, Bono and Heithaus 2002) , and only one study found some evidence that ants, at least for some period, strongly relied on seeds of one species of myrmecochore for food (Oostermeijer 1989) . This apparent asymmetry in that interaction may be biologically meaningful or reflect an asymmetry in research effort as in the investigation of other plant Á/animal mutualisms Beattie 1991, Bronstein 1994b) . Anyway, the dependency of plant species on a small suit of seed-dispersing ants may make populations and communities of myrmecochores systems sensitive to changes in the ant community. The collapse of this mutualism when native ants are replaced by invasive exotic ants Slingsby 1983, Carney et al. 2003) , or when the ant community is otherwise altered (Mesler and Lu 1983, Pudlo et al. 1990 ) provide powerful examples of this dependency.
Conclusions and future directions
There is an ample support in the literature for each of the three main hypotheses on the selective advantage of myrmecochory for plants. While the relative contribution of each of the selective advantages to the evolution of myrmecochory may vary with the plant species, the ant species, and the ecosystem, our view on the evolution of myrmecochory depends also on the way by which we define hypotheses and set experiments to test for the possible effects of the various selective advantages on plant fitness. For example, some advantages of the directed dispersal, mainly those associate with the burial of seeds, are often attributed to other hypotheses such as the predator-and fire-avoidance hypotheses (Beattie and Culver 1982) . The apparent weaker support for the directed dispersal hypothesis in the current review compared to that in Beattie (1985) may be a consequence of the inclusion of new information in the current review (44 out of 62 studies included here were published later than 1985), but the difference may also result from the rather restrictive definition of that hypothesis I used in the evaluation of the evidence in the literature. If we consider directed dispersal sensu lato, as including both seed burial (with all the associated benefits), and horizontal directed dispersal, the support for this hypothesis in the literature is solid. Nevertheless, I have decided to evaluate the support for the directed dispersal sensu strictu (i.e. improved conditions around the ant nest) because it is in that sense that it is frequently cited as the main selective advantage for the evolution of myrmecochory. The interpretation of future studies' results will significantly improve if the specific aspects and predictions of the hypotheses that are being tested will be clearly defined. As two or more of the selective advantages are often conveyed as a package, their isolation is experimentally challenging and their separate ecological and evolutionary significance is not always clear. Plants have probably been selected to attract one or a few partners that offer the best packages of benefits rather than choosing among specific benefits.
The traditional pairwise perspective on mutualism has been recently shifted to admit a network of multiple interacting species, and whose evolution and maintenance are influenced by the biotic and abiotic contexts in which the interaction occurs (Stanton 2003 , Thomson 2003 . Myrmecochory, which has long been considered as a diffuse mutualism between a guild of plants and a guild of ants, fits very well into this new framework. However, the ample evidence presented in this paper regarding partner choice by myrmecochorous plants indicates that myrmecochory, from the plant point of view, is less diffuse than it has frequently been perceived. Although many ant species are often selective in their food choice, we know virtually nothing about the possible effects that these choices may have on the fitness of any myrmecochorous ants. A phylogenetic approach, which has been successfully used to study other mutualistic ant Á/plant interactions (Itino et al. 2001 ) may be used for exploring the mutual diffuseness (or specifity) in myrmecochory and its evolutionary significance.
Investigation of full demographic analysis of myrmecochory is rare (Hanzawa et al. 1988) , possibly due to the fact that most myrmecochores are long-lived plants. Nevertheless, in order to determine the potential of partner choice to affect the evolution of myrmecochory, comparisons of the consequences of treatment by different ant species on the major life-cycle transitions are required. More studies exploring the association between diaspore traits and the composition of seeddispersing ant species, coupled with the investigation of the effects of various seed-dispersing ants on plant fitness are necessary for evaluating the importance of partner choice for the evolution of myrmecochory.
The problem of attracting beneficial partners (i.e. seed-dispersing ants) while avoiding antagonists (here, seed predators or low quality dispersers) is a common one for prospective mutualists (Irwin et al. 2004 for interactions between flowering plants, pollinators, and nectar robbers), and the diversity of ''solutions'' to this problem might be similarly great. There is ample evidence to suggest that plants have evolved various means for selecting seed-dispersers which probably contribute most to their fitness. In addition, an efficient seed-disperser may simultaneously contribute to plant fitness via several avenues. Therefore, I believe that focusing future research on the evolution of partner choice by myrmecochores will be more insightful than following the classification of selective advantages in myrmecochory to the hypotheses that were reviewed in the first part of this article.
